The superconducting state of the newly discovered superconductor K2Cr3As3 with a quasi-onedimensional crystal structure (Tc ∼ 6 K) has been investigated by using magnetization and muonspin relaxation or rotation (µSR) measurements. Our analysis of the temperature dependence of the superfluid density obtained from the transverse field (TF) µSR measurements fit very well to an isotropic s-wave character for the superconducting gap. Furthermore a similarly good fit can also be obtained using a d-wave model with line nodes. Our zero-field µSR measurements do reveal very weak evidence of the spontaneous appearance of an internal magnetic field near the transition temperature, which might indicate that the superconducting state is not conventional. This observation suggests that the electrons are paired via unconventional channels such as spin fluctuations, as proposed on the basis of theoretical models of K2Cr3As3. Furthermore, from our TF µSR study the magnetic penetration depth λL, superconducting carrier density ns, and effectivemass enhancement m * have been estimated to be λL(0) = 454(4) nm, ns = 2.4×10 27 carriers/m 3 , and m * = 1.75 me, respectively.
The superconducting state of the newly discovered superconductor K2Cr3As3 with a quasi-onedimensional crystal structure (Tc ∼ 6 K) has been investigated by using magnetization and muonspin relaxation or rotation (µSR) measurements. Our analysis of the temperature dependence of the superfluid density obtained from the transverse field (TF) µSR measurements fit very well to an isotropic s-wave character for the superconducting gap. Furthermore a similarly good fit can also be obtained using a d-wave model with line nodes. Our zero-field µSR measurements do reveal very weak evidence of the spontaneous appearance of an internal magnetic field near the transition temperature, which might indicate that the superconducting state is not conventional. This observation suggests that the electrons are paired via unconventional channels such as spin fluctuations, as proposed on the basis of theoretical models of K2Cr3As3. Furthermore, from our TF µSR study the magnetic penetration depth λL, superconducting carrier density ns, and effectivemass enhancement m * have been estimated to be λL(0) = 454 (4) The superconducting gap structure of strongly correlated f− and d− electron superconductors is very important in understanding the physics of unconventional pairing mechanism in this class of materials. The recently discovered superconductors with a quasi-onedimensional (Q1D) crystal structure, K 2 Cr 3 As 3 T c ∼ 6.1 K, Rb 2 Cr 3 As 3 T c ∼ 4.8 K and Cs 2 Cr 3 As 3 T c ∼ 2.2 K have been intensively investigated both experimentally and theoretically 1-7 as they are strong candidates for a multiband triplet pairing state. Searching for triplet superconductivity (SC) has been one of major research efforts recently partly due to its intrinsic connection to topologically related physics and quantum computations. These new superconductors are conjectured to possess an unconventional pairing mechanism 1,4-7 . There are several experimental evidences. Firstly, its upper critical field H c2 is 3 times higher than the Pauli limit, indicating that the BCS-type pairing is unfavorable 2 . Secondly, strong electronic correlations which are a common feature of unconventional superconductivity were revealed by a large electronic specific heat coefficient and non-Fermi liquid transport behavior 1 . This is consistent with the the Q1D crystalline structure of A Theoretically, by using DFT calculations, X. Wu et. al. predicted K 2 Cr 3 As 3 to be nearby a novel in-out co-plane magnetically ordered state and possess strong spin fluctuations 6, 7 . Furthermore it has been shown that a minimum three-band model based on the d z 2 , d xy and d x 2 −y 2 orbitals of one Cr sublattice can capture the band structures near the Fermi surfaces. In both weak and strong coupling limits, the standard random phase approximation (RPA) and mean-field solutions consistently yield the triplet p z −wave pairing as the leading pairing symmetry for physically realistic parameters 6 . The triplet pairing is driven by the ferromagnetic fluctuations within the sublattice 6, 7 . The gap function of the pairing state possesses line gap nodes on the k z = 0 plane of the Fermi surface. So it is highly likely that electrons are paired via unconventional channels such as spin fluctuations in K 2 Cr 3 As 3 . NMR measurements indeed reveal the enhancement of spin fluctuations toward T c in K 2 Cr 3 As 3 8 . Furthermore Y. Zhou et. al. 9 have shown theoretically that at small Hubbard U and moderate Hund's coupling, the pairing arises from the 3-dimensional (3D) γ band and has f y(3x 2 −y 2 ) symmetry, which gives line nodes in the gap function. At large U, a fully gapped p-wave state dominates on the quasi-1D α-band.
A polycrystalline sample of K 2 Cr 3 As 3 was prepared as discussed in Ref. [1] . A high quality powder sample of K 2 Cr 3 As 3 has been characterized using neutron diffraction and magnetic susceptibility. The magnetization data were measured using a Quantum Design Superconducting Quantum Interference Device magnetometer. Muon spin relaxation (µSR) experiment were carried out on the MUSR spectrometer at the ISIS pulsed muon source of the Rutherford Appleton Laboratory, UK 10 . The µSR experiments were conducted in zero−field (ZF), and transverse−field (TF) mode. A polycrystalline sample of K 2 Cr 3 As 3 was mounted in a sealed Titanium (99.99 %) sample holder under the He-exchange gas, which was placed in a sorption cryostat that has a temperature range of 350 mK−50 K. Using an active compensation system the stray magnetic fields at the sample position were canceled to a level of 1 µT. TF−µSR experiments were performed in the superconducting mixed state in an applied field of 400 G, well above the lower critical field limit H c1 = 70 G of this material. Data were collected in the (a) field−cooled mode, where the magnetic field was applied above the superconducting transition and the sample was then cooled down to base temperature and (b) zero field cooled mode, where first the sample was cooled down to 2 K in ZF and then the magnetic field was applied. Muon spin relaxation is a dynamic method to resolve the type of the pairing symmetry in superconductors 11 . The mixed or vortex state in case of type-II superconductors gives rise to a spatial distribution of local magnetic fields; which demonstrates itself in the µSR signal through a relaxation of the muon polarization. The asymmetry of the muon decay in ZF is calculated by,
where N B (t) and N F (t) are the number of counts at the detectors in the forward and backward positions and α is a constant determined from calibration measurements made in the paramagnetic state with a small (20 G) applied transverse magnetic field. The data were analyzed using the free software package WiMDA 12 . The analysis of the neutron powder diffraction (NPD) at 300 K reveals that the sample is single phase and crystallizes with space group P6m2 (No. 187). The hexagonal crystal structure obtained from NPD is shown in Fig. 1(a) . The Q1D feature of K 2 Cr 3 As 3 is manifested by the chains of [Cr 6 (As 6 )] ∝ octahedra running along the c direction. Magnetic susceptibility measurement shows superconductivity occurs at 5.8 K and the superconducting volume fraction is close to 100 % at 2 K ( Fig. 1(b) ), indicating bulk nature of superconductivity in K 2 Cr 3 As 3 . The magnetization M (H) curve at 1.8 K (Inset in Fig.1(b) ) shows a typical behaviour for type-II superconductivity. The temperature dependent resistivity and variation of T c with increasing field shows that upper critical field exceeds the Pauli limit by 3 times
1 . In zero field, the temperature-dependent resistivity of K 2 Cr 3 As 3 is metallic 1 . Deviation from a linear temperature dependence is evident below 100 K and a T 3 dependence is roughly followed from just above T c (∼10 K) to ∼ 40 K. At the superconducting transition, the specific heat jump is roughly 2.2 γT c , which is larger than the simple s−wave BCS prediction 1.43
1 , possibly indicating strong coupling 13 . Fig. 2 (a) and (b) show the TF−µSR precession signals above and below T c obtained in ZFC mode with an applied field of 400 G (well above H c1 ∼ 70 Oe but below H c2 ∼ 320 kOe). Below T c the signal decays with time due to the inhomogeneous field distribution of the flux-line lattice. The TF−µSR asymmetry spectra were fitted using an oscillatory decaying Gaussian function,
where ν 1 and ν 2 are the frequencies of the muon precession signal from the sample and from the background signal from the Ti-sample holder, respectively, φ i (i = 1,2) are the initial phase offsets. The first term gives the total sample relaxation rate σ; there are contributions from both the vortex lattice (σ sc ) and nuclear dipole moments (σ nm ), which is assumed to be constant over the entire temperature range below T c [ where σ = (σ 2 sc + σ 2 nm )]. The contribution from the vortex lattice, σ sc , was determined by quadratically subtracting the background nuclear dipolar relaxation rate obtained from spectra measured above T c . As σ sc is directly related to the magnetic penetration depth, it can be modeled by
where f = [1 + exp(−E/k B T)] −1 is the Fermi function, ϕ is the azimuthal angle along the Fermi surface and the brackets correspond to an average over the Fermi surface. The gap is given by ∆(T, ϕ)=∆ 0 δ(T /T C )g(ϕ), where the temperature dependence is given by δ(T /T c ) =tanh[(πT c /∆ 0 ) (2/3)(∆C/γT c )(T c /T − 1)] 15 , with ∆C/γT c = 2.2, 2 and g(ϕ)=1 for s-wave model and g(ϕ)=| cos(2ϕ)| for a d-wave model with line nodes. Fig. 3 (a) shows the T dependence of the σ sc , measured in an applied field of 400 G through two different modes: zero-field-cooled (ZFC) and field cooled (FC). The σ sc can be directly related to the superfluid density. The temperature dependence of σ sc shows the establishment of a flux-line lattice and indeed indicates a decrease of the magnetic penetration depth with decreasing temperature. Comparing the ZFC and FC data reveals a substantial difference. In the ZFC mode, σ sc increases with decreasing temperature faster than that of FC, thus points to differences in the numbers of the pinning sites and trapping energies, which are altered by magnetic fields and sample history. From the observed temperature dependence of σ sc , the nature of the superconducting gap can be determined. The temperature dependence of σ sc shows evidence of saturation type behaviour at the lowest temperature, which is a typical behaviour observed for a fully gapped superconductor. For example σ sc of Li 2 Pd 3 B exhibits very similar behavior and the results have been interpreted as due to a single s-wave gap 16 . The σ sc (T ) data of K 2 Cr 3 As 3 can be well modeled by a single isotropic gap of 0.80(5) meV using Eq.(2) (see Fig.3b ). This gives a value of ∆ 0 /k B T c = 1.6(1), which is slightly lower than the 1.764 expected for BCS superconductors, which may be due to an anisotropic gap. Considering the tunnel diode study reveals a possibility of line nodes 5 , we have also fitted σ sc data using a dwave model with line nodes. The fit to the nodal model (solid line Fig.3b) shows similar agreement to that of swave (short-dash line Fig.3b ), but gives a higher value of ∆ 0 /k B T c = 3.2±0.2. We also tried d-wave fits with various fixed value of ∆ 0 /k B T c and allowing only σ sc (0) to vary. Our results show that χ 2 increase dramatically for lower values of ∆ 0 /k B T c (see the inset in Fig.3b , and dotted line). We therefore believe that the gap function of K 2 Cr 3 As 3 can be equally accounted for either with an s-wave or d-wave model. It is to be noted that for Li 2 Pt 3 B the µSR study reveals a single-gap isotropic swave behavior 16 , but the tunnel diode as well as NMR studies reveal a spin-triplet pairing with line nodes in the gap function 17, 18 .
The observed increase in σ sc of K 2 Cr 3 As 3 gives rise to the large value of the muon spin depolarization rate below superconducting transition temperature and is related to the magnetic penetration depth. For a triangular lattice,
, where γ µ /2π = 135.5 MHz/T is the muon gyromagnetic ratio and φ 0 = 2.07×10 −15 T m 2 is the flux quantum. As with other phenomenological parameters characterizing a superconducting state, the penetration depth can also be related to microscopic quantities. Using London theory 19 , λ
, where m * = (1+λ e−ph )m e is the effective mass and n s is the density of superconducting carriers. Within this simple picture, λ L is independent of magnetic field. λ e−ph is the electron-phonon coupling constant that can be estimated from Θ D and T c using McMillan's relation 22 λ e−ph = 1.04+µ * ln(ΘD /1.45Tc)
(1−0.62µ * )ln(ΘD /1.45Tc)+1.04 , where µ * is the repulsive screened Coulomb parameter usually assigned as µ * = 0.13. For K 2 Cr 3 As 3 we have T c = 5.8 K and Θ D = 216 K, which together with µ * = 0.13, we have estimated λ e−ph = 0.75. K 2 Cr 3 As 3 is a type II superconductor, assuming that roughly all the normal state carriers (n e ) contribute to the superconductivity (i.e., n s ≈ n e ), hence we have estimated the magnetic penetration depth λ, superconducting carrier density n s , and effective-mass enhancement m * to be λ L (0) = 454(4) nm (from the s-wave fit), n s = 2.4×10 27 carriers/m 3 , and m * = 1.75 m e , respectively. More details on these calculations can be found in Ref. [23] [24] [25] . The time evolution of the ZF−µSR is shown in Fig.  4 (a) for T = 600 mK and 8 K. In these relaxation experiments, any muons stopping on the titanium sample holder give a time independent background. No signature of precession is visible, ruling out the presence of a sufficiently large internal magnetic field as seen in magnetically ordered compounds. One possibility is that the muon−spin relaxation is due to static, randomly oriented local fields associated with the nuclear moments at the muon site. The ZF−µSR data are well described by,
where λ is the electronic relaxation rate, A 1 is the initial asymmetry, A bg is the background. The parameters A 1 , and A bg are found to be temperature independent. It is remarkable that λ shows a moderate increase [ Fig. 4 26 . In summary, we have carried out zero-field (ZF) and transverse field (TF) muon spin rotation (µSR) experiments in the superconducting state of K 2 Cr 3 As 3 , which has a quasi-one-dimensional crystal structure. Our ZF µSR data reveal the presence of a very weak internal field (0.003 G) or slow down of spin fluctuations in the superconducting state. From the TF µSR we have determined the muon depolarization rate in ZFC and FC modes associated with the vortex-lattice. Furthermore, the temperature dependence of σ sc can be fitted equally well to either a single-gap isotropic s−wave or a d-wave model with line nodes. Considering the possible multiband nature of superconductivity in K 2 Cr 3 As 3 one would expect more complex behavior of the gap function and hence the conclusions obtained from our TF µSR study are in line with this. The line nodes in the superconducting gap need further investigations of µSR on a good quality single crystals of K 2 Cr 3 As 3 .
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